Barley (Hordeum vulgare) is an important cereal that has many applications; as a human food, in malt products and as livestock feed. The content of soluble health-promoting fibers, β-glucans, varies substantially among barley varieties. In the present study, the content of secondary metabolites with potential positive health effects in different high-and low-β-glucan barley varieties was studied. Five different flavanols were isolated and identified: (2R,3S)-catechin-7-O-β-D-glucopyranoside (1), prodelphinidin B3 (2), procyanidin B3 (3), (+)-catechin (4) and procyanidin B1 (5). Procyanidin B1 has never been reported in barley grains before. The compounds were identified using 1 H NMR and quadrupolar time-of-flight mass spectrometry. A quantitative analytical method was developed for prodelphinidin B3, procyanidin B3 and (+)-catechin in liquid chromatography triple quadrupole-linear ion trap mass spectrometry and these compounds were quantified in all varieties, together with four phenolic acids: ferulic acid, vanillic acid, p-coumaric acid and p-hydroxybenzoic acid. Catechin was the compound that was present at the highest concentration in all varieties. The variation, between cultivars, in catechin concentration varied four fold. A Principal Component Analysis indicated no correlation between concentrations of β-glucan and secondary metabolites. Concentrations of catechin and prodelphinidin B3 were strongly correlated, whereas the concentration of procyanidin B3 was not correlated with that of catechin or prodelphinidin B3. Either two different enzymes could be responsible for the dimerization of prodelphinidin B3 and procyanidin B3, or the affinity of the enzyme could be different whether the dimerization is between two catechin units or between units of gallocatechin and catechin.
Mutant 3a and 5f have background in Bomi whereas mutant 5g has background in Carlsberg II. The mutants, parent varieties and segregating crosses with normal barley as well as four normal varieties (Bomi, Minerva, Triumph, Carlsberg II) were grown in greenhouse under same conditions. The content of secondary metabolites in different barley varieties with varying β-glucan content has not been investigated previously.
The aim of this work was to elucidate the variation between barley varieties in concentration levels of secondary metabolites that have potential positive health effects. This was achieved by isolating and identifying flavanols and by quantifying these compounds in a range of high-and low-β-glucan barley varieties.
Five different flavanols were isolated and identified (Table 1) . Compounds 1 and 4 were previously identified in barley [7, [15] [16] [17] [18] [19] [20] [21] . Compounds 2 and 3 have not previously been isolated from barley in pure enough amounts that are sufficient for 1 H NMR analysis. It is difficult to isolate proanthocyanidins in larger amounts because these compounds readily oxidize [22] . Compound 5 has not been reported in barley grains before. The compounds have been isolated from other plants but, to our best knowledge, fragmentation patterns in mass spectrometry time-of-flight have not been reported before for any of the five compounds.
Compound 3 was identified with quadrupolar time-offlight mass spectrometry (Q-Star, Sciex/Applied Biosystems) and NMR. The collision-induced dissociation tandem mass spectrum of the protonated molecular ion at m/z 579.1 is seen in Figure 1 . The deviations between observed masses in the spectrum and theoretical masses were 5-27 ppm. The characteristic mass 139.1 of flavan-3-ols was observed.
Compound
no. This is the result of a retro Diels-Alder reaction (RDA), shown in Figure 1 . NMR data were compared with previous reports on compound 3 [26] .
The structure of compound 5 was identified with quadrupolar time-of flight mass spectrometry (Q-Star, Sciex/Applied Biosystems). The mass of the compound and the fragmentation pattern were comparable to the pattern of procyanidin B3 and it was concluded that it is a dimeric procyanidin. Compound 5 was compared with reference procyanidin B1 (from Extrasynthese). The fragmentation pattern and retention time of compound 5 matched that of procyanidin B1. This compound was now identified for the first time in barley grains.
The mass fragmentation pattern of compound 2 was also comparable with the fragmentation pattern of compound 3. The observed masses were, however, 16 amu higher, due to an extra hydroxyl group in the structure of compound 2. The compound was concluded to be prodelphinidin B3, which has previously been described in barley grains [7, 16, 18, [21] [22] [23] [24] [25] . [26] .
The mass of compound 1 was determined to be 452.13, and was identified as (2R,3S)-catechin-7-O-βglucopyranoside. The fragmentation showed a loss of 162 amu, which corresponded to a sugar (glucopyranoside) and the base peak of the mass spectrum was 291.08, which equaled the mass of catechin. Furthermore, characteristic masses, such as 273.07 (dissociation of water) and 139.04 (RDAreaction), were observed. A low abundant peak was observed at m/z 301.09 that can only be due to a RDA reaction with the sugar moiety retained and therefore the glycan must be located at the A-ring and not the Bor C-ring of the catechin unit. Furthermore a peak at m/z 123.04 was seen that means that the sugar moiety has eliminated and retained the oxygen atom that would be favored at the C1-carbon of the hexose forming a neutral lactone. The structure of (2R,3S)-catechin-7-Oβ-glucopyranoside was previously completely elucidated in barley [17] .
Quantitative analysis was performed for three of the flavanols and for four phenolic acids that were known to be commonly present in cereal grains. Flavanols were extracted in 50 mL flasks under rotation and the phenolic acids were extracted by accelerated solvent extraction. Flavanols were quantified by liquid chromatography triple quadrupole-linear ion trap mass spectrometer (Q-trap, Agilent 1200/Applied Biosystems MDS Sciex API 3200) with turbo electro spray ionization in a negative multiple reaction monitoring mode. Catechin and procyanidin B3 were quantified on the basis of the standard curves of these compounds, whereas prodelphinidin B3 was quantified on the basis of a standard curve of procyanidin B3. For the analysis of the phenolic acids, a HP-1100 series liquid chromatography-mass spectrometer-diode array detector (LC/MS/DAD) with an atmospheric pressure ionizationelectro spray ionization chamber in a negative single ion monitoring mode was used. Additional details on the method for phenolic acids, is as described in Carlsen et al. (2009) [27] . The identifications of the compounds were verified through comparison of fragmentation patterns, molecular masses, DAD signals and retention times between pure standards and signals from the samples. Procyanidin B1 was only present in small quantities and therefore not estimated. Determined amounts of flavanols and phenolic acids determined on the basis of duplicate extractions are shown in Table 2 .
Catechin is present in significantly greater amounts than the dimeric proanthocyanidins, PC B3 and PD B3. This is contrary to other reports that showed that the content of catechin was limited [16, 19, 22, 29] . Holtekjolen et al. (2006) extracted proanthocyanidins with acetone/water (60:40, ASE, 200bar) and quantified in HPLC-DAD [19] . In theses studies, the two dimeric proanthocyanidins (PC B3 and PD B3) were present in almost equal amounts (48-126 μg/g), whereas the level of catechin was only 14-41 μg/g. Zimmermann and Galensa (2006) reported similar results and the extraction and quantification were performed in a similar manner [29] .
The differences between these results and our results can be due to differences between varieties, but could also be affected by different analytical methodologies. Quantification in DAD can be interfered with by ghost peaks. Yu et al. (2001) [28] of 9-50 μg/g, which is 2-10 times higher than results stated in Table 2 . Ferulic acid was estimated to be 10-68 μg/g, which varies by approximately a factor of 5 from our results. The barley varieties examined by Yu etal (2001) [28] were different from the ones examined in this study, but also the HPLC-UV measurements may have been subjected to interferences. Holtekjolen et al (2006) [19] also quantified ferulic acid (403-723 μg/g) and p-coumaric acid (15-374 μg/g). These reported levels were higher than ours. p-Hydroxybenzoic acid was not detected in any of our barley varieties.
A Principal Component Analysis was conducted on the concentration of each secondary metabolite and the β-glucan concentration in all cultivars (Figure 2) . The barley samples used in this study covered a wide range of variation and did not separate according to the level of β-glucan. No correlation was seen between concentrations of β-glucan and secondary metabolites. Catechin is a monomer, PD B3 is a dimeric proanthocyanidin consisting of a catechin unit and a gallocatechin unit, whereas dimeric PC B3 consists of two catechin units. The biosynthesis is similar for PD B3 and PC B3. In both cases, the dimer is built up through a link between the electrophilic C 4 atom in one unit and the nucleophilic C 8 atom in the other unit [11, 30] . Nonetheless, concentrations of catechin and PD B3 were strongly correlated, whereas the concentration of PC B3 was not correlated to that of catechin and PD B3. In varieties with high concentrations of catechin, there must be a reason for the formation of more PD B3. The enzymes that are responsible for dimerization have never been described [11] . Either two different enzymes could be responsible for the dimerization of the PD B3 and PC B3, or the affinity of the enzyme could be different whether the dimerization is between two catechin units or between units of gallocatechin and catechin. During the LC-MS/MS analysis, the protonated mass for gallocatechin was collected but never detected in the samples. This indicates that, whenever gallocatechin is formed, it is used in the formation of PD B3.
Experimental
Isolation and identification: 2 kg homogenized barley grains were extracted with methanol/water (7/3, v/v) at room temperature for 16 hours. The extract was evaporated in vacuo (Büchi, 46°C). The lipids in the aqueous solution were removed by liquid-liquid extraction with heptane in a separation funnel (4-5 times). Acetic acid was added to the aqueous solution to guarantee the solubility of the flavanols in the aqueous solution.
The separation was achieved by successive column chromatography with polyamide and C-18-silica. Mobile phases were solutions of methanol and water with increasing strengths of methanol. The methanol was evaporated between every purification step. On polyamide, the flavanols were eluted with methanol/water (9/1, v/v) and pure methanol. The compounds were eluted from the RP-C18 column with only 2-10% (v/v) methanol.
The final purification step included a semi preparative column (Synergi Polar-RP, HPLC-DAD (HP 1050), λ = 220 nm and 280 nm) with an automated fraction collector (Foxy Jr.). Fractions were collected every minute with a gradient as described in Table 3 .
Methanol was removed from the collected fraction and the rest was freeze-dried. Identification was by mass spectrometry (PE SCIEX API 2000, Triple Quadrupole LC/MS/MS and Q-Star, Sciex/Applied Biosystems) and NMR. Quantification: The flavanols were extracted from 0.5g homogenized grain (two replicates of each sample) by shaking for 2 hours in 10 mL methanol/water (7/3, v/v) at 4°C. Tests with different times of extraction showed that further extraction after 2 hours did not extract more flavanol and neither did successive extractions. Due to the ease compound oxidation, a shorter extraction time was ideal. After centrifugation, the extracts were decanted and diluted 1:1 with miliQ water. The phenolic acids were extracted in accelerated solvent extraction, as described [27] . After filtration through a cartridge, SRP 15 0.45 μm flavanols were quantified by a liquid chromatography triple quadrupole-linear ion trap mass spectrometer (Q-trap, Agilent 1200/Applied Biosystems MDS Sciex API 3200) with turbo electrospray ionization in a negative multiple reactions monitoring mode. Catechin and procyanidin B3 were quantified on the basis of standard curves of these compounds, whereas prodelphinidin B3 was quantified on the basis of a standard curve of procyanidin B3. For the analysis of the phenolic acids, an HP-1100 series liquid chromatography-mass spectrometer-diode array detector (LC/MS/DAD) with an atmospheric pressure ionizationelectrospray ionization chamber in a negative single ion monitoring mode was used. Additional details on the method for the phenolic acids were as described [27] . The identification of the compounds was verified through comparison of fragmentation patterns, molecular masses, DAD signals and retention times between pure standards and signals from the samples. 
